KyjioHOBCKaa ^esHHTerpaijHH TH^cejibix hohob 
208 Pb 2x1.38 TsB/c 

O.KapneniHH 

CaHKT-IIeTep6yprcKHfi rocynapcTBeHHBift yHHBepciicTeT 

IlpoaHajiH3HpoBaH cneKTp BHpTyajibHbix cpoTOHOB fljia Hflep Pb-208, CTajiKHBa- 
romHxcs B 6ojit.inoM aflpoHOM Kojijialiflepe. BbinncjieHbi ceneHiia Heynpyrnx Kyjio- 

£Vj HOBCKHX CnOJIKHOBeHHH C HCnapeHHeM OflHOrO, flByX LI TpeX HeHTpOHOB OflHHM H3 

napTHepoB. MeTO,a,OM Tjiay6epa BbinojiHeHbi on,eHKii MHOJKecTBeHHOCTH HeftTpoHOB, 

<n: 

B03HHKaioii];Hx b pe3yjibTaTe KyjioHOBCKoro pa3pyineHiiH J5,nep. ITpeflCKasaHHaa Heft- 
CD ; 

jy^ TpoHHaa MHOJKecTBeHHOCTb flocTHraeT 30-40 h 6ojibine fljia KaJK^oro H3 napTHepoB. 

HeftTpoHbi conpoBOJK,n,aK)TCH HcnymeHHbiMH 6ojiee Gmctpmmh npoTOHaMH h ppym- 
r~| mh 3apH»ceHHbiMH HacTiiiiaMH , e cpedneM TpeMH-nHTbro HacumaMH fljia KajK^oro 

papTHepa. BojibniHHCTBO HacTim, KyjioHOBCKoro npoiicxojKfleHHH xapaKTepireyioTCH 
£h MajibiMH panH^HTH h MoryT, TaKiiM o6pa30M, 6biTb 3aperHCTpnpoBaHbi b ZDC. 
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I. OH3HHecKHe npeflnoctiJiKH 

KaK H3BeCTHO, CTOJIKHOBeHHe THJKejIBIX HOHOB MOJKT COnpOBOJK^aTBCH 

hx B3aHMHBiM KyjioHOBCKHM B036y>K^;eHHeM, ^aace ecjiH npnpejiBHBie na- 

paMeTpBi 3a npe,n;ejiaMH B3aHMo^eiicTBHa a^epHBix chji. AMnjiHTyzja bo3- 

6y>K^;eHH3 a^pa-MHineHH KyjioHOBCKHM nojieM HajieTaiomero HOHa b nep- 
• i-^ ■ 

^ ! bom npnGjiHJKeHHH ^aeTca cpeftHMaHOBCKHM rpacpHKOM Ha puc. [TJ OHa 
MoaceT 6bitb BBiHHCJieHa MeTOflOM sKBHBajieHTHBix cpoTOHOB Beftu,33Kepa- 
BnjiBHMca. Ero KBaHTOBosjieKTpo^HHaMHHecKaa cpopMynnpoBKa GBijia flaHa 
rpn6oBBiM Ochobhoh BKjia^i; b ceneHiie nponcxo^HT OT o6jmcTii nOHTH 

peajIBHBIX (pOTOHOB B npOMeJKyTOHHOM COCTOSHHH c q 2 < 0, q = (oj, k) - 



Phc. 1: OeifflMaHOBCKiift rpacpiiK npon,ecca ctojikhob6hhh hohob An B c B036y»c^,CHHCM 

O^HOrO H3 MX (B). 



HeTbipexHMnyjibc (poTOHa. CeneHHe npouecca Ha pnc. [UpaBHO 



da dtjph 



n(cu) 



(1) 



doj du 




ceneHHe <poTOB036y:>K,zi;eHHH a^pa, n(w) — cneKTp BHpTyajit.Ht.ix 



(Potohob. B npH6jiH)KeHHH KyjioHOBCKoro n;eHTpa nocjie/XHHH jj;aeTCH cpop- 
Myjioli [l| 



r/re p — HMnyjibc HajieTaiomero sippa. Oh ace onpe^ejiaeT KHHeMaTHHecKHfi 
npejj;eji cnercrpa BHpTyajiBHBix cpotohob, to ecTB MaxcHMajiBHo B03Mo>KHyio 
SHeprnio B036y>Kja;eHHH H^pa-MHHieHH. J\jisi BHeprnli ycKopeHHH hohob cbhh- 
ua 208 Pb Ha BAKe 2x1.38 MsB/hykjioh, b jia6opaTopHofl cncTeMe jiopeHu;- 
cpaKTop npn 3HeprHH BAKa E = 1.38 TsB Ha HyxjioH paBeH 7^ = E/ttin 
= 1470, mjq — HyKjioHHaa Macca. B cncTeMe noKOH o^Horo H3 Hflep, ko- 
Topoe 6yn;eM Ha3BiBaHTB ycjioBHo H^poM-MHHieHBio, jiopeHn;-(paKTop cTa- 
hobhtch 7l = 27^ 2 — 1 = 4.32 x 10 6 . B pe3yjibTaTe nojiyHHM BejiHHHHy 




(2) 
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p = Am N ^ L = 2.1 x 10 5 TsB. 

KoHe^Hbie pa3Mepbi cTajiKHBaiomHxcH a^ep, o^HaKo, BaacHBi fljia onpe- 
flejieHHa napaMeTpoB cneicrpa BO. Hx jneT mojkho npoii3BecTH MeTO- 
flOM OypBe-npeo6pa30BaHH5i 3ana3^BiBaioiri;ero noTeHpnajia ot HajieTaioine- 
ro HOHa [2]. IlycTB npupejiBHoe paccTOHHue HajieTaiomero HOHa b. Tor^a 
mojkho 3anncaTB cjie,gyioiu;ee BbipajKemie fljia: noToxa SHeprnH b cucTeMe 

3 



noKoa a^pa-MHineHH [2 
d 3 S 



dkd?b 



Z 2 aw 2 



7rr 



Kl{w) + \k 2 (w) 
1l 



(3) 



r^e w 



kr 
1L ' 




m.MeV 

Phc. 2: CneKTp BnpTyajibHbix (J)otohob no TpnGoBy (J2]) — cnjionmaH jihhhh, h no 
MeTo^y Oypbe-npeo6pa30BaHHH noTeHnnajia JlneHapa — BnxepTa, nponHTerpnpo- 
BaHHbin no npnn,ejibHBiM napaMeTpaM R > 2Rq, — nyHKTnp. 

B pe3yjiBTHpyK>meM noTOKe BnpTyajiBHBix cpoTOHOB (BO) mojkho Bbme- 
jiHTb ,n;Be KOMnoHeHTBi: npo^ojiBHyio h nepneH^HKyjiapHyio k och ctojik- 
HOB6HHH a,n;ep. Bcjie^CTBHe KOJioccajibHoro jiopeHpeBCKoro ycHjiemia, npn 
sHeprasx BAKa npo^ojiBHaa KOMnoHeHTa 0Ka3BiBaeTca MHoro Gojibine nep- 
neH^HKyjiapHoli, Tax hto BKjia^OM nocjie^Heii mojkho npeHe6peHB. J\jik 
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npo^ojibHoro H3jiyneHH5i OHa nonTH nocroaHHa b ninpoKOM ^nana30He 3Hep- 

rHH QJ < LOb = 7i/(2i?o) ~ 4.3 TaB OopMCpaKTOp l/(2i?o) B03HHKaeT H3 

Tpe6oBaHH2 nejiocraocTn HajieTaromero smpa; ji oTBenaeT jiopeHneBCKOMy 
ycHjieHHio. Ilpn 6ojiBinHX SHeprnax npo^ojibHas KOMnoHeHTa SKcnoHeHnn- 
ajiBHo yGbiBaeT. B n,ejiax GojiBineft HarjiH^Hocrn, Ha pnc. [2] mbi npHBo^HM 
rpacpHK un(u>). npHHnnnnajiBHO ,n;pyroH xapaKTep y nepneH^HKyjiapHon 
KOMnoHeHTBi: OHa rpynnnpyeTca B03Jie 3HaneHHH u ~ Ub, xots h b6jih3h 
MaKCHMyMa ee BKjia^ ocTaeTca HecymecTBeHHBiM. 



II. Ou,eHKa ceneHHH cJ)OTonorjiom,eHHH jKecncoro raMMa-KBama 

aflpoM 

B 3aBHCHMocTH ot sHeprnn HajieTaromero raMMa-KBaHTa, pacneT cene- 
hh2 B3aHMo^,eficTBHa c H^poM mojkho Bbi^ejiHTB HecKOJiBKo o6jiacTen no 

SHeprHH, B KOTOpbie paSJIHHaiOTCa no MexaHH3MOM B3aHMO,HeHTCTBHH n Be- 

jihhhhoh ceneHna. Ilpn hh3khx SHeprnax ^;o ppyx - Tpex ^cchtkob MoB, 
ceneHne B3aHMO^encTBHa onpe^ejiaeTca: rnraHTCKHM /jnnojiBHBiM pe30HaH- 
com (I7IP). CeneHne (poronorjiomeHHa: b cocToaHne I7IP ^ocTaTOHHO xo- 
ponio onncBiBaeTca b oflHoypoBHeBOM npnGjinxceHnn b GpsnT-BnraepoBCKOH 
cpopMe, ecjin mbi conocTaBHM eMy ypoBeHB c 3Heprnen uq h innpHHon T: 

16 o . r/27r 

ocnz = -a^B(El; -> «,) j- - ^ , (4) 

r,n;e B(E1; — > Wo) — npnBe^eHHaa BjieKTpoMarnnTHas: ninpnHa fljis nepe- 
xo^a a^pa H3 ocHOBHoro coctohhhh b cocTOjmne I7IP. B o^HoypoBHeBon 
cpopMe (jlj) ee mojkho onpe^ejiHTB H3 3HepreTHnecKH-B3BenieHHoro npaBHjia 
cyMM (EWSR): 

NZ 

u B(El; -> co ) = 14.8— -fm 2 MeV . (5) 
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3 KcnepiiMeHTaji£>H£>ie SHeprmi r,U,P xopoino onHCBiBaiorca: cooTHomeHiieM 
u = 80/v4 1/3 MsB. ^jih 208 Pb u = 13.5 MsB. 3KcnepHMeHTajiBHBie cene- 
HHa (poTonorjiomeHHH Ha Hflpe 208 Pb xopoino H3yneHBi (j4-6| h jinrepaTypa, 
u,HTHpoBaHHas Tajvr) . IIpHBe^;eHHMe Bbiine coothoiii6hh5i xopoino BocnpoH3- 
bo^ht npHBe^eHHbie flaHHtie c uihphhoh T = 4 MeV. B nnxe r,U,P cenemie 
^ocTnraeT 600 M6apH. IIpHHHMaa bo BHHMaHHe sHeprnio cb23h HenrpoHa 
nopa^Ka 7-10 MsB, hohhtho, hto TffP pacna^aioTca c ncnycKaHneM 1-3 
H6HTpoHOB , c yneTOM miipHHBi T^P. 3mhcchh npoTOHa ropa3,n;o MeHee Bepo- 
HTHa. CneKTp HcnyineHHbix HeftTpoHOB MaKCBejijioBCKHft, c TeMnepaTypon 
~1 MsB Q-6, 8 10|. 

B ^nana30He sHepniH raMMa-KBaHTOB 30 - 150 MoB, MexaHH3M norjio- 
ineHHa MeHaeTca. ripn sthx SHeprnax ^OMHHHpyeT kb a3H,neHTp ohhbih Me- 
xaHH3M norjiomeHHa cboTOHa napoft HyxjioHOB |7|, |8| . CeneHHe Ha s,n;pe cbhh- 
n;a nonTH nocToaHHo, h cocTaBjiaeT npH6jiH3HTejibHo 15 m6. B pe3yjitTaTe 
norjiomeHHe cboTOHa napoft HyxjioHOB npHBO^HT k smhcchh oflHoro-^Byx 
6bictpbix HyKjioHOB , o,n;HaKo 3HanHTejiBHa5i nacTB 3HeprHH ocTaeTca 3ana- 
ceHHofl b s^pe. 3to ,u;ejiaeT bo3mo>khoh smhcchio ^o ^ecHTKa HcnapHTejib- 

HBIX HefiTpOHOB. 

B oGjiacTH sHeprHii ~300 MsB Ha6jno,naeTcs hihpokhh MaxcHMyM, c 
nojiyninpHHoii okojio 300 MsB, cooTBeTCTByioinHH poac^eHHio b sppe A- 
H3o6apBi. Cenemie b nnxe B03pacTaeT 88 MHjijinGapH. 

IIpH ^ajiBHeinneM B03pacTaHHH SHeprnn cboTOHa, bhjiotb ^o ~100 MsB, 
cenemie cTa6HjiH3HpyeTcs Ha ypoBHe 15 m6. IIpH sHeprnax raMMa-KBaHTOB 
cothh TsB h BBinie, npn KOTopBix oTcyTCTByeT npaMaa HHcbopMainis o cene- 
hhsx cboTOH-a^epHoro B3aHMo^;eHCTBH5i, 3to ceneHHe Mbi napaMeTpH30BajiH 
b cbopMe 

a in ~ s - 1 . (6) 
HopMHpoBKa b a6cojnoTHOM ceneHHH (]6]) onpe^ejiajiacb nyTeM no^roHKH k 
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sKcnepuMeHTajibHMM flaHHMM npn MeHbniHx BHeprirax. 



III. Pe3yjiBTaTti pacneTa ceieHHH KyjiOHOBCKoro BOsGyacfleHHH 



HecMOTpa Ha to, hto KHHeMaTHnecKas: oGjiacTb sHeprnft BHpTyajibHbix 
cpoTOHOB oneHb BejiHKa, Kax oTMeneHo BBiine, B3aHMo,neftcTBHe b Kaxc^oft 
H3 nofloGjiacTeii o6jia^aeT cbohmh xapaKrepHBiMH ocoGchhocthmh h cBoeft 

BejIHHHHOft, nOSTOMy BKJiafl OT pa3HBIX KHHeMaTHieCKHX o6jiaCTett OKa3BI- 

BaeTca cymecTBeHHo pa3JiHHHbiM. 3to co3^;aeT npe^nocbijiKH ^jih H^eH- 

THCpHKaHHH 3THX MexaHH3MOB B3aHMO^eflCTBH2 B 3KCnepHMeHT6 . HcnojiB- 

3ya (popMyjiy ((!]), onpe^ejiHM HHTerpajiBHyio BejiHHHHy ceneHHH cpoToaG- 
cop6uHH oflMM H3 CTajiKHBaioinHXCH H,n;ep cpoTOHa c SHeprneft b ^nana30He 



BBiHHCJieHHBie BKjia,zrBi pa3jiHHHBix o6jiacTeft b nojiHoe cenemie npHBe^eHBi 
b Ta6jiHU,e. H3 npHBe^eHHBix pe3yjiBTaTOB cjie^yeT, hto ^oMHHHpyrouiHft 
BKjiafl b KyjioHOBCKoe B036yjK^eHHe nponcxoflHT ot I7IP: 64.6%. Coot- 
BeTCTByiomee ceneHHe cocTaBjineT 115 6apH. Han6ojiee BepoHTHBift KaHaji 
pacna^a — smhcchh ot o^Horo ^;o Tpex HcnapHTejiBHbix HeftTpoHOB . Bojiee 
fleTajiBHo, BKJiafl o6jiacTH I7IP b npoueccbi c HcnapeHiieM onpe^ejieHHoro 
HHCJia HefiTpoHOB npe^cTaBjieH b Ta6jiHHe [Til PacneT BbinojiHeH no CTaTH- 
CTHHecKofl Mo^ejiH c napaivreTpaMH jll|. H3 npHBe^eHHBix b Heft ^aHHBix 
cjie^yeT, hto bhjiotb ^o BHeprmi BosGyac^eHHH 40 MoB BepoarHocTB hc- 
napeHHa neTBipex HeftTpoHOB ocTaeTCH Majioft. ^OMHHHpyioDXBM ocTaeTca 
KaHaji c HcnapeHHeM oflHoro HeftTpoHa, BKjiafl KOToporo 6ojiee 70%. Oko- 
jio 20% npHxo^HTCH Ha ncnapeHHe ppyx HeftTpoHOB, h okojio 3% bhocht 
TpexHeftTpoHHbift pacnafl. 3th pe3yjitTaTBi xoponio corjiacyroTca c hohbhb- 



oflHoro H3 HajieTaiom,Hx hohob 



E a < u < E b : 




(7) 
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Ta6jmiia I: BKjia/ibi OT,n,ejibHbix KimeMaTHHecKHX o6jiacTeft 3Heprnii BnpTyajib- 

HblX (pOTOHOB [E a , Ef,] B (pyHKIIHIO B036yJK,H,eHHa Hflpa-MHUieHH 



E a , MeV 


E b , MeV 


cross-section, b 


relative contribution, % 




N p 


8 


30 


115.89 


60.85 


1-3 




30 


150 


10.50 


5.51 


3-12 


0.5 


150 


1000 


35.04 


18.39 


2-18 


0.5 


1000 


10000 


11.05 


5.80 


11 - 31 


1 - 3 


10000 


100000 


7.66 


4.02 


14 - 38 


1 - 3 


100000 


1000000 


5.68 


2.99 


17-45 


2-4 


1000000 


10000000 


3.65 


1.91 


20 - 51 


2-4 


10000000 


60000000 


0.97 


0.51 


22 - 55 


3-5 



Ta6jnnia II: IlapiiHajibHbie ceneHiiH <pOTO,n,e3HHTerpari,HH oflHoro HOHa c iicnapeHiieM ot 
o/iporo flp neTbipex hghtpohob b o6jiacTH B036yjKflenHa r,HP ot 8 40 MsB 





1 


2 


3 


4 


total 


a n , barn 


91.10 


23.83 


2.79 


0.67 


118.39 



IUHMHC5I He^aBHO 3KCIiepHMeHTajlbHbIMH 3HaHeHIiaMH 

06jiacTb KBa3H^eflTpoHHoro norjionieHHa ^aeT oTHocnTejibHo Majibifl 
BKjia,n;: 5.9%. OflHaico norjionieHiie (pOTOHOB b stoh o6jiacTH conpoBOJK- 
^aeTca sMHccnefi b HecKOJibKo pa3 Gojibinero HHCJia HefiTpoHOB npn Kaac- 
flOM aKTe B3aHMo^eficTBHa. 3aMeTHbift BKjm,n; b cenemie (poTOfle3HHTerpa- 
hhh npoHcxo^HT ot pe30HaHCHoft o6jiacTH B036yjK^eHHa A-H3o6apti: oko- 
jio 20%. B 3tom cjiynae HcnapHTejibHbiH Kacxafl mojkct conpoBoac^aTb- 
ca sMHccnefi ^ecHTKOB HefiTpoHOB. Bojiee fleTajibHo hx hhcjio onemiBaeTcs 
b cjieflyiomeM pa3^ejie. C ^ajibHefiniHM poctom sHeprmi cpoTOHa ^ncpcpe- 
peHUHajibHoe cenemie (DQ) 3HaHHTejitHo na^aeT Kax 1/oj (pnc. [2]). OflHaico 



8 



3to na^eHHe iiohth KOMneHcupyeTCH KOjioccajibHbiM yBejiiineHHeM <pa30BO- 
ro o6b>eMa, BnjioTb npe^ejibHbix 3HaHeHHH SHepruft BHpTyajibHbix cpo- 

TOHOB <5 TsB. IIoSTOMy pe3yjIBTHpyi0mHfl BKJiafl 3THX KHHeMaTHHeCKHX 

oGjiacTeft b ceneHne 0Ka3biBaeTca TaK>Ke BectMa 3aM6THBiM : 29 6apH, hto 
cocTaBjiaeT ~15% ot nojiHoro ceneHHH KyjioHOBCKoro B036y>K^eHHH. 3a- 
MenaTejibHO, hto norjiomeHiie TaKiix cpoTOHOB ^ojijkho conpoBOJK^aTBca 

9MHCCH6H y>Ke ^eCHTKOB HCnapHTejIBHBIX HeflTpOHOB H ^ecHTKa 6bict- 

pbix HyKjioHOB, a TaKJKe o^Horo - ^Byx ^ecaTKOB 3apa>KeHHbix Me30HOB. 
B nocjie^HHX ^Byx KOJiOHKax npHBO^HTca ou,eHKa rjik HHCJia ncnymemibix 

HefiTpOHOB H npOTOHOB, BKJIIOHaH flJI3 npOCTOTbl GblCTpbie H HcnapHTejib- 

Hbie Hacraribi. IIpH 3Hepriiax (potohob 1000 MbB mbi yHHTBajiii pacneT 
cpe^Hero nncjia HcnapnTejiBHBix HefiTpoHOB h hx ^Hcnepcnn, corjiacHo puc. 
3 H3 pa6oTbi [9]. IIpH SHeprnax > 1000 MsB oueHKH 6bijih BbinojmeHbi, 
KaK onHCBiBaeTca b cne^yiomeM pa3^ejie. Baaaio otmcthtb, hto H3 npime- 
^eHHBix pe3yjiBTaTOB cjie^yeT npHHuiinnajibHaa: bo3mo>khoctb HaGjiio^eHHH 
pe3Ko-acuMMempuHHUx coGbithh Ha flByx cTajiKHBaionnixca: iioHax, b koto- 
pbix HaGjiio^aeTCH smhcchs ^Byx-Tpex HcnapHTejibHbix HeflTpoHOB o^hhm 
sflpoM h flecaTKOB HeflTpoHOB njiioc 3HaHHTejibHoe hhcjio GbicTpbix 3apa- 
>K6HHbix HacTHn; ,npyrHM 3^;poM. B cjieflyromeM pa3^ejie npoH3Be^eM Gojiee 
^eTajiBHBie oijeHKn MHoacecTBeHHocTH h cneicrpa ncnycKaeMbix HacTim; b 
cjiynae norjiomeHHs: SHepriiHHBix BiipTyajiBHBix cpotohob. 



IV. Oll,eHKa MHOJKeCTBeHHOCTH 3MHCCHH HeHTpOHOB H 3apHJKeHHBIX 

nacTHu, npn norjiomeHHH aflpoM xecTKHx raMMa-KBamoB 

IlpHHaTO CHHTaTB, HTO npH 3H6prH5IX TaMMa-KBaHTa nopH^Ka TsB H Bbl- 

ine ^OMHHHpyeT oflHOHyKjioHHbift MexaHH3M B3aHMO^;eiicTBH5i ero c a^poM 
(HanpHMep, |8j). B pe3yjibTaTe B3aHMo^eflcTBH3 BbijieTaeT o^;hh hjih ^Ba 



9 



6l.ictpe.ix HyxjioHa, nocjie Hero SHeprna ocTaBiniixca flbipoK ^HCcuniipyeTca 
h c6pacbiBaeTCH b BH,n;e npefl- h ncnapnTejibpHoro xacxa,n,a. OTcro^a mox- 
ho npe,ri;nojio>KHTb, hto c yBejiiiHeHHeM SHeprnn cpoTOHa xojiHHecTBO hc- 
nymeHHbix HyKjioHOB OTHOCHTejibHO cjia6o B03pacTaeT, nocKOJiBKy stieprtLH 
o6pa3yioiiLHxcH Abipox ocTaeTca: cymecTBetmo Ta ace. 3to noflTBepxcflaeTca 
Kacxa^HBiM pacieTOM. Tax, H3 pe3yjiBTaTOB pa6oTbi [9] , puc. 3 cjie^yeT, mo 
c yBejMieHneM sHeprnn cpoTOHa 3HaHHTejiBHo na^aeT flOJia sHeprnn, ocTa- 
romeftca b a,zrpe nocjie BBi6nBaHH3 GbicTporo HyxjioHa. B irrore, npn B3an- 
Mo^eflcTBHH c H^poM cpoTOHa c SHeprneii 10 TsB npe,n;cxa3biBaeTCH smhcchh 
b cpe^HeM tojibko nopa^xa flBaflijaTH HeirrpoHOB, xoth sHeprna cpoTOHa 6o- 
jiee hgm ^ocTaTOHHa fljia nojiaHoit ,n;e3HHTerparjjffl a^pa. 3th on;eHXH ^aace 



em;e Gojiee ycyryGjiaioTCH b pa6oTax 
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14j, b KOTopbix npe^;cKa3biBaeT- 



ca ncnycxaHiie He Gojiee HecKOJibKHx HyxjioHOB npn B3aHMo^eficTBHH a^pa 
c cpoTOHOM ^aace npn SHeprnn nopa^xa 200 TsB. BepoaTHO, Bonpoc rk- 

HaMHKH B3aHMO^eiiCTBHa JKeCTXHX (pOTOHOB C S^ipaMH MOJKeT nojiy^HTb 

^ajibHeflinee ocBememie Ha BAKe. 

PaCCMOTpHM XaHeCTBeHHO B03MO>KHyiO XapTHHy B3aHMO^eflCTBH2 (pOT- 

Ha c gjpoM b paMxax no^xo^a Tjiay6epa— ArK— BepToxxn h TpejiiiaHH 
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16|. npe>K^;e 3aMeTHM, hto 3axoH coxpatieHHs: sHeprnH-HMnyjibca Re- 



jiaeT HeB03Mo>KHbiM norjioureHiie jxecTxoro cpoTOHa o^hhm HyxjioHOM. Tax, 
npn SHepriiH cpoTOHa nopa^xa 10 TsB c Heo6xo^HMOCTbio nponcxo^HT pcox- 
^eHHe flByx Me30HOB. Bojiee Toro, npn Taxnx SHeprnax B3aHMO^,eficTBHe 
cpoTOHa c HyxjioHaMH npoHcxo^HT nepe3 nocpe^cTBo xBapx-aHTHXBapxoBoft 
napbi. B 3bom BHfle 3Ta xapTtraa sxcnjiyaTupyeTca b MOflejiH BexTopHoft ^;o- 
MHHaHTHocTH, npeflnojiaraioiu;eH npeBpam;eHHe cpoTOHa b p-Me30H. riosTOMy 
ceneHHe B3aHMo^,eflcTBHa cpoTOHa c oT^ejibHbiMH HyxjioHaMH b a,zrpe Hejib3s 
cHHTaTb MajibiM. Heo6xo^m;HMo yHHTbreaTb nporjeccbi sxpamrpoBxii b pe- 
3yjibTaTe MHcoxecTBeHHbix B3aHMo^eHCTBHii xBapx-aHTHXBapxoBofl napbi c 
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HecKOjibKHMH HyKjioHaMH o^HOBpeMeHHO. J\jin KanecTBeHHoro paccMOTpe- 
hhs 3aMeHHM cpoTOH Ha nii-Me30H (c KOHCTaHTofi CB33H an). Tor,na nojiHoe 
ceneHne Heynpyroro BsanMo^eiicTBHSi mojkho npe^cTaBHTB b TepMHHax no- 
c^e^oBaTejiBHBix crojiKHOBeHHH c HyKjioHaMH a^pa b BH^e pa,n;a no nncjiy 



' paHeHBIX HyKJIOHOB 



16fl: 



n=l 

On = {A f n y nl J [<TinT(b)] n [l ~ CT m T(b)} A ~ n , (8) 

3^ecB ai n — nojiHoe Generate oT^ejibHoro nnoH-HyKjioHHoro B3aHMonen- 
cTBHg. Jj ia E-y = 1 TsB oho cocTaBjiaeT 20 m6, a ^jih E 1 = 1 TsB - 
40 m6 [17] . ,Hajiee, T(6) — npocpHjiBHas: cpyHKHHH npnijejiBHoro napaMeTpa 
6: 

T(6) = / . (9) 



KajK^oe H3 cjiaraeMBix b pa3Jio>KeHHH flB]) mojkho paccMaTpHBaTB KaK co- 
OTBeTCTByromee cpH3HHecKOMy npon;eccy, b kotopom nponcxo^HT B3anMo- 
^eficTBHe anpoHa c n HyKjioHaMH, a ocTajiBHBie A — n HyxjioHOB ocTaioTca 
He3aTpoHyTBiMH . Cpe^Hee hhcjio bbiGhtbix 6bictpbix HyKjioHOB mojkho Hafi- 



th c noMon^Bio npaBHjia cyMM 



16j: 



n=§^ = ^. (10) 

Z^ n a n ®tot 

Pe3yjibTaTBi pacneTa no cpopivryjie (TTUj) npnBefleHBi b Ta6jiHHe IIHI CorjiacHo 
Ta6jinn;e, nojiynnM, hto n = 3.08 n 5.33 fljia npe^CTaBHTejiBHBix 3Heprnn 

(pOTOHOB 1 TsB H 1 TsB, COOTBeTCTBeHHO, H3 HHX 1.2 H 2.1 npOTOHOB, CHH- 

Tas nx hhcjio nponopHHOHajiBHO Z/A. Kaac^Bin bbi6htbih HyxjioH ocTaBjia- 
eT "^Bipxy", SHeprnH KOTopon b 3aBHCHMOCTH ot HOMepa oGojiohkh MOJKeT 
6biTb nopa^Ka ~40 MoB. Ilocjie ^HccnnannH 3Heprnn ,ii;bipohhbix cocto- 
hhhh ^ajiBHenninn pacnafl krp& npoxoflHT ncnapHTejiBHBiM Kacxa^oM, ot 
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Ta6jiHii,a III: Mo^ejinpoBaHHe ceneHHH B3aHMO,a,eiicTBiiH raMMa KBaHTa c impoM 

208 pk B 3aBIICHMOCTII OT Tj HCJIa B3aHMO,HeHCTBHH C OTflejIBHblMH HyKJIOHaMH 71 



n 


— 


i r 3 B 








1 TsB 






cr n , m6 


<7, m6 




a n , m6 


a, m6 




1 


0.869D+01 


0.869m 


-01 


0.706m 


-01 


0.706m 


-01 


2 


0.615D+01 


0.148D4 


02 


0.410D4 


-01 


0.112m 


-02 


3 


0.516D+01 


0.200m 


-02 


0.337m 


-01 


0.145m 


-02 


4 


0.411D+01 


0.24im 


-02 


0.314m 


-01 


0.177m 


-02 


5 


0.295D+01 


0.271D4 


02 


0.307m 


-01 


0.207m 


-02 


6 


0.189D+01 


0.289m 


02 


0.299m 


-01 


0.237m 


-02 


7 


0.107D+01 


0.300m 


-02 


0.267m 


-01 


0.264m 


-02 


8 


0.558D+00 


0.306m 


02 


0.238m 


-01 


0.288m 


-02 


9 


0.263D+00 


0.308m 


02 


0.204m 


-01 


0.308m 


-02 


10 


0.113D+00 


0.309m 


-02 


0.165m 


-01 


0.325m 


-02 


11 


0.443D-01 


0.310D4 


-02 


0.125m 


-01 


0.337m 


-02 


12 


0.160D-01 


0.310m 


02 


0.875m 


-00 


0.346m 


-02 


13 


0.538D-02 


0.310D4 


-02 


0.573m 


-00 


0.352m 


-02 


14 


0.168D-02 


0.310D4 


-02 


0.352m 


-00 


0.355m 


-02 


15 


0.491D-03 


0.310D4 


02 


0.203m 


-00 


0.357m 


-02 


16 


0.134D-03 


0.310D4 


02 


o.nom 


-00 


0.358m 


-02 


17 


0.347D-04 


0.310m 


-02 


0.566D-01 


0.359m 


-02 



qnHoro ~ieTL»ipex HeflTpoHOB Ha "flbipKy". IlycTt. b cpe^HeM HcnapaeT- 
ca flBa HeiiTpoHa Ha "^bipKy". Tor,n;a nojiynHM, oueHHBaa ^HcnepcHio no n 
H3 TaGjiHHbi IHIl hto 6yn;eT BepoaTHbiM ncnycKaHHe nopa^Ka ot 6 flo 26 h 
ot 11 42 HcnapHTejibHbix, h nop^Ka 8 h 13 6bicTpbix HeftTpoHOB h 

npOTOHOB npH ^aHHBIX 3HeprH5TX KyjIOHOBCKOrO CpOTOHa, COOTBeTCTBeHHO. 
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Kax cKa3aHo Bbinie, yHHTbreas: pe3yjibraTbi TaGjinrjbi HJ Bepo3THocTt> TaKirx 
co6bithh mojkho on;eHHTb b ~20%. 

V. 3aKJiK)HeHHe 

OCHOBHOH BBIBOfl HaCT03IH;eH pa6oTBI COCTOHT B TOM, HTO 

1) IIpH6jiH3HTejiBHO b 20% cjrynaeB, nponcxo^HT B036yjK^eHHe o,h;ho- 
ro H3 CTajiKHBaiomHxca a^ep jkcctkhm BiipTyajiBHBiM (|)otohom c SHeprneft 
u > 1 TsB. IlorjiomeHHe cpoTOHa conpoBoac^aeTca o6pa30BaHneM b cpe^HeM 

TpeX - IISTH flbipOK B HyKJIOHHBIX oGojIOHKaX, C03^aBaeMBIX Ha MeCTe Bbl- 

Ghtbix Gbictpbix HyKjioHOB. BepoaTHBiM KaHajioM pacna^a B036yjK^eHHoro 
TaKHM o6pa30M a,npa 0Ka3biBaeTC5i smhcchs HecKOJibKHx flecaTKOB Hcnapn- 
TejiBHBix HefiTpoHOB. B jia6opaTopHoft cHCTeMe Koop^HHaT HcnapHTejiBHBie 
HeflTpoHBi nona^aioT b chgthhkh HyjieBoro yrjia (ZDC). Bbi6nTbie 6bict- 
pBie HyKjroHBi HMeioT npoMeacyTOHHoe pann^HTH, h noTOMy Moryr 6bitb 
jierxo otjihhhmbi b 3KcnepnMeHTe. Bojiee Toro, Bbi6iiBaHiie Kaac^oro 6bict- 

porO HyKJIOHa ^OJIJKHO COnpOBOJK^aTBCH SMHCCHeft HeCKOJIbKHX MC30HOB c 

npoMejKyTOHHbiM pairaflHTH, o6m;ee hhcjio kotopbix TaKHM o6pa30M mojkct 
6bitb 6ojiee flecarii. 

2) OueHKa 3anaceHHoft b H,npe SHeprnn SBjiHeTca CKopee 
Huafcneu zpaHuv^eu. He yiHTBiBajmcB TaKiie npe^paBHOBecHBie npo- 
n,eccbi, Korfla Bbi6nTbie cpotohom GbicTpbie HyicjioHBi MoryT 3an;enHTB 
coce^HHe HyKJiOHBi, nepe,n;aB hm nacTb sHepriin, KOTopaa 6yn;eT 3aTeM 
flHccHnnpoBaHa sflpoM. Mojkho oaomaTb, hto Taxne npon;eccBi 6ynyT Becb- 
Ma cymecTBeHHbi [13] . Bojiee Toro, npe^CTaBjiaeTca BnojiHe BepoaTHbiM 
o6pa30BaHHe b RRpe HyxjioHHoro pe30HaHca, npn ^ajibHefiineM pacna,n;e 
KOToporo BbicBoGo^HTca HecKOJibKo coTeH MoB, hto b cbok) onepe^b mojkct 
npuBecTH k HcnycKaHHio ^ecaTKa h Gojiee iicnapHTejibHbix HeiiTpoHOB. 
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3) Cjie^yeT otmcthtb Hen36e:>KHyio acuMMeTpnio onncaHHoro npou,ecca 
Ha o6onx H^pax. H3 o6iiihx d)H3HnecKHx coo6pa>KeHHH mojkho oacn^aTb no- 
2BjieHH2 TaKHx co6bithh, Kor^a Ha oflHOM a,ape 6yziyT ncnymeHBi no Max- 
CHMyMy nopa^Ka copoxa ncnapnTejiBHtrx HeiiTpoHOB c 6jih3khm k Hyjiio 
pann^HTH, h nopa^Ka ^ecaTH h Gojiee HyKjioHOB h Me30HOB c npoMexcy- 

TOHHBIM panH^HTH. B 3TO BpeMH Ha H,Iipe-napTHepe B03MO)KHbI CoGblTHH 

c HcnycKaHH6M o^Horo - Tpex HcnapHTejiBHbix HenrpoHOB, HanpHMep, ot 
TffP, h flByx - Tpex 3 apjDKHHBix nacTHii; c npoMe>KyTOHHBiM pann^HTH. Hc- 
nycKaHHe nocjie^HHX bo3mo>kho KaK BCJie^cTBHe B3aHMO,neHCTBHH jkcctkhx 

(pOTOHOB C H^pOM, TaK H B pe3yjIbTaTe flH(ppaKH,HOHHOrO B3aHMO^eHCTBHH 

OT,n;ejibHbix HyxjioHOB. riocjie^HHii npon,ecc mm noxa He paccMaTpHBaeM b 
^eTajiax. 

4) yKa3aHHaa acHMMeTpna mojkct 0Ka3aTbCH ^aace Gojiee chjibhoh npn 
yneTe B03MO>KHbix nponeccoB norjiomeHHH ^Byx BHpTyajibHbix HyxjioHOB 



OflHHM H^pOM 



18] . JJp chx nop b SKcnepnMeHTax Ha ycxopnTejiax 



npe^Bi^yinero noKOjieHnsi He Han^eHO onpe^ejieHHbix yKa3aHnn Ha npoHB- 
jieHne npou;eccoB ^ByKpaTHoro B3aHMo^encTBHH. CnnTaeTCH, hto hx otho- 
CHTejibHaa BepoHTHocTB cocTaBjiaeT HecKOJibKo npon,eHTOB. BKjiafl hx ofl- 
HaKO pacTeT c SHeprnefi. LTosTOMy npe^CTaBjiaeT HHTepec paccMOTpeTb sth 
npoireccbi Gojiee no,rrpo6Ho b Hccjie^oBaHnax Ha BAKe. 

5) LIpoBepKa yKa3aHHbix cooTHonieHHH Ha BAKe npe^cTaBjiaeT 6ojibuioh 

HHTepec KaK TeCT HanierO nOHHMaHHH ,HHHaMHKH B3aHMO,II,eHCTBHH JKeCTKHX 

raMMa-KBaHTOB c a^poM. 
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